Introduction
Stroke is a major cause of disability in adults. One direct consequence of stroke is the loss of upper limb (UL) function. Whereas up to 83% of stroke survivors learn to walk again, it is estimated that only 5 to 20% of stroke survivors attain complete functional recovery of their affected UL [1, 2] . Approximately 70% to 80% of people who sustain a stroke have upper-extremity impairment [3] . Many of them do not regain functional use of the paretic UL, which can lead to difficulties in activities of daily living (ADLs) and to participate in community life [4] . At 6 months post-stroke, a substantial proportion (25%-53%) of people remain dependent in at least 1 ADL task, which often involves the use of unilateral or bilateral UL movement [5] . Despite of these stark statistics, fortunately it is encouraging that, recent studies capitalizing on the concept of experience-induced neural-plasticity have produced promising results using specific interventions aimed at UL improving function [6] . One such intervention is task specific exercise.
Task-specific exercise (TSE) is defined as "a training or therapy where patient has to practice contextspecific motor tasks and receive some form of feedback [7] ; with regard to skill learning, it may be associated with different practice conditions, feedback and conditions of transfer" [8, 9] . TSE in rehabilitation focuses on improvement of performance in functional tasks through goal-directed practice and repetition. The focus is on training of functional tasks rather than impairments [10] . It has been recognized that "movement emerges from an interaction between the individual, the task and the environment in which the task is being carried out" [11] , this model is consistent with TSE. Other similar terms that reflect these practice elements are: "task specific training" [10] , "repetitive functional task practice", "repetitive task practice" [12] , "task-related training" [13] and "task-orientated therapy" [14] .
Isobel J. Hubbard et al. [10] has given five strategies to guide application of TSE in clinical practice which are consistent with the guidelines put forward by many other authors [15] [16] [17] [18] [19] [20] . These guidelines can be formulated as five "R"s as: TSE should be relevant, repetitive, randomly ordered, aim towards reconstruction of whole task and positively reinforced [10] . There is increasing evidence of neural plastic changes associated with TSE [21] . These changes are associated with specific skill learning, consistent with a learning-dependent model of neural plasticity [22, 23] . Learning is reported to be maximal for the specific task trained [24] . Another relatively new intervention to improve UL function is mirror therapy (MT). Presenting visual feedback about motor performance to improve the effect of training is widespread in rehabilitation. A relatively new way of using this visual feedback to help the patients is exploited in MT [25] . Vilayanur Ramachandran, neurologist from United States first experimented MT in patients who suffered from a phantom limb after amputation [26] . During MT practice sessions, patient has to sit in front of a mirror that is oriented parallel to his midline blocking the view of the affected or painful limb which is positioned behind the mirror. When looking into the mirror, patient sees the reflection of unaffected limb positioned as the affected limb. This arrangement is suited to create a visual illusion whereby movement of or touch to the intact limb may be perceived as affecting the paretic or painful limb respectively. However, MT is still in its early stages, so there are no established protocols regarding its implementation [27] . Different studies have used different intervention characteristics.
There have been relatively many studies done where sub-acute stroke patients have been benefited either with TSE or with MT. Literature evidence also suggests that, the same cortical motor areas that are active during observation of movements; are also involved in the performance of the observed actions. In normal participants, the mirror illusion increases cortico-muscular excitability [22] . However, it is still not known whether this visual image produced by mirror illusion is more significant than the action itself to enhance the recovery of UL function. Also it is not still clear upto which extent the combination of TSE and MT is effective. Hence, this study was carried out to compare the TSE and MT interventions and also to find out the extent to which the combination of TSE and MT will improve UL function in subacute stroke patients. 
II

Intervention:
Participants underwent randomized allocation into 3 groups using lottery method. All 3 groups received conventional physiotherapy and rest intervals were given whenever necessary. The three groups were as follows - Group A (TSE Group): had 12 individuals who received 30 minutes of task specific exercises  Group B (MT Group): had 12 individuals who received 30 minutes of mirror therapy  Group C (Combined Group): had 13 individuals who received 60 minutes of task specific exercises as well as mirror therapy.
Group A: Task Specific Exercises Group (TSE Group):
Patients in this group received Task Specific Exercises for 30 minutes per day for 5 days in a week for 4 weeks (total = 20 sessions). This intervention focused on repetitive practice of meaningful tasks for patient by using affected upper limb [28] . It included following functional tasks: reaching, grasping, lifting, placing objects and counting with fingers [10, 29] .
Each of these tasks was performed for 5 repetitions. These tasks were performed with the participant seating and objects placed over the table of suitable height, provided participants had sufficient movement in their affected UL to attempt the functional tasks. For those participants who did not have sufficient movement in their affected UL to practice such tasks, therapist assisted the participant by guiding the limb through the tasks with the help of manual contact [31] . The difficulty level of practiced task was increased gradually, with the goal being set just above the patient"s ability level to perform it [32] . Difficulty level was progressed by increasing the distance between participant and object and by decreasing the shape of the object. During treatment session, knowledge of results knowledge and knowledge of performance was provided as feedback [13] . Rest intervals were given whenever required for the total of 5 minutes in one treatment session. This group received mirror therapy program for 30 minutes per day for 5 days in a week for 4 weeks (total = 20 sessions). Patients were seated close to a table on which a mirror (18 x 24 inch) was placed vertically and in mid-sagital plane [30] . Affected UL was kept hidden behind the mirror and the unaffected UL was placed in front of the mirror. Patients in this group also practiced all above mentioned task specific activities with the same progression criteria but by using unaffected UL. This group also included following functional tasks: reaching, grasping, lifting, placing objects and counting with fingers.
Each of the above tasks was performed for 5 repetitions. They were instructed to watch the image of their unaffected upper UL in the mirror, thus seeing the reflection of unaffected UL movements projected over the affected UL. The imagery component was reinforced by then instructing the individual to "imagine that the reflected limb is in fact your limb moving about physically in space." [33] Rest intervals were given whenever required for the total of 5 minutes in one treatment session. (Figure 4 and Figure 5 )
Group C: Combined Group:
This group received both interventions for 60 minutes per day for 5 days in a week for 4 weeks (total = 20 sessions) including 10 minutes of rest interval. TES were practiced for initial 30 minutes, in which participants practiced all the above mentioned tasks with the affected UL for initial 30 minutes including 5 minutes rest interval. Thereafter MT was practiced in which participants practiced same tasks with the unaffected UL for later 30 minutes. Rest intervals were given whenever required for the total of 5 minutes.
III.
Data Analysis And Results
Data were analyzed using GraphPad Instat software -Trial version 3.10. Demographic variables and pre-intervention outcome measures between the groups were evaluated. The data was entered into an excel spread sheet, tabulated and subjected to statistical analysis. Various statistical measures such as mean, median, Test was used to compare the differences in scores between pre-intervention and post-intervention readings within a single group. Kruskal-Wallis Test was used to examine whether improvements from pre-to post-intervention were significantly different between the three intervention groups. The results were concluded to be statistically significant with p <0.05 and highly significant with p < 0.01. When a significant difference was found between the three groups, a post-hoc Dunn"s Multiple Comparison Test was applied to reveal which groups differ significantly from each other.
Demographic Details and Baseline Measurements:
No statistically significant differences were found at baseline between the three groups in terms of outcome measures. All demographic details are listed in Table 1 as follows. 
Comparison of Task Specific Exercises and Mirror Therapy to Improve Upper Limb Function in
Discussion
The aim of this study was to find out the combined effectiveness of task specific exercises along with mirror therapy as compared with task specific exercises alone and mirror therapy alone to improve upper limb function in sub-acute stroke patients. Total 37 Patients were included in this study, in that 12 patients were in group A (TSE group), 12 patients were in group B (MT group) and 13 patients were in group C (Combined group). The results of the present study indicates that all 3 groups showed improvement in UL function in terms of ARAT and FMA scores whereas improvement in VCG score was observed only in group A and group C. Overall improvement in the group C who received combined intervention of TSE and MT was greater than group A, which in turn was greater than group B.
Task Specific Exercise Group (TSE Group or Group A):
Patients in Group A received Task specific exercises (TSE) along with conventional physiotherapy. The mean difference in pre-and post-intervention ARAT scores was 4.5 ± 3.06 (p < 0.01). There was 7.89% improvement in terms of ARAT. The mean difference in pre-and post-intervention FMA scores was 5.42 ± 2.61 (p < 0.01). There was 8.08% improvement in terms of FMA scores. The mean difference in pre-and postintervention VCG scores was 0.58 ± 0.15 (p < 0.05). There was 9.83% improvement in terms of VCG scores. These results show that there is statistically significant improvement in all outcome measures seen in Group A on intra-group comparison.
These results could be due to improved motor control, functional recovery and increased strength of UL [29] . TSE has also been linked to improve cortical reorganization. Animal studies have demonstrated that task-specific training can restore function by using non-affected parts of the brain which are generally adjacent to the lesion [34] and/or recruiting supplementary areas of the brain [23] . Neural plastic changes have also been demonstrated in the human brain following stroke and task specific intervention [21, 35, 36] . Jang SH et. al. [37] also noted decrease in the unaffected and an increase in the affected primary sensorimotor cortex activities along with functional recovery in stroke patients who received TSE. Classen et al. [38] using focal transcranial magnetic stimulation (TMS) has shown that TSE, in comparison to traditional stroke rehabilitation, yields longlasting cortical reorganization specific to the corresponding areas being used. Both Karni et al. [22] using functional magnetic resonance imaging (fMRI) and Classen et al. [38] using TMS reported a slowly evolving, long-term, experience-dependent reorganization of the adult primary motor cortex after daily practice of taskspecific motor activities.
Patients in this group practiced repeated meaningful tasks by affected UL. Most researchers [12, 29] recommend that the more the task is practiced, the better the overall performance. According to Kilgard and Merzenich [39] repetition plays a major role in inducing and maintaining brain changes. However, Page [40] suggested that intensity alone does not account for the differences between traditional stroke and task-specific rehabilitation. Task-specific sessions, consisting of thumb and hand movements, for as short as 15 minutes have resulted in lasting cortical representational changes [38, 41] . Also research has demonstrated that rehabilitation may be more successful if the tasks and stimuli are important and meaningful to the person [14, 15] . Similar results were found by Winstein et al. [42] who reported that a significant difference in UL motor function was found for those with less severe stroke in favor of TSE versus standard care. Dean and Shepherd [43] also reported that after training, patients in the experimental group were able to reach faster and further. In comparison, improvements in reaching were not found with the control group. 
Comparison of Task Specific Exercises and Mirror Therapy to Improve Upper Limb Function in
Mirror Therapy Group (MT Group or Group B):
Patients in Group B received mirror therapy (MT) along with conventional physiotherapy. The mean difference in pre-and post-intervention ARAT scores was 2.25 ± 1.60 (p < 0.01). There was 3.93% improvement in terms of ARAT. The mean difference in pre-and post-intervention FMA scores was 3.5 ± 1.73 (p < 0.01). There was 5.30% improvement in terms of FMA. The mean difference in pre-and post-intervention VCG scores was 0.33 ± 0.49 (p = 0.125). There was 5.5% improvement in terms of VCG. This result shows that except VCG, there was statistically significant improvement in ARAT and FMA outcome measures in Group B on intra-group comparison. The result of this group shows that MT in addition to a conventional physiotherapy is beneficial in terms of improving UL function.
The neural mechanisms underlying the efficacy of MT are not clear. But several mechanisms have been proposed for the effect of MT on motor recovery after stroke. Ramachandran [44] originally hypothesized that paralysis following stroke might have a "learned" component, which could possibly be "unlearned" by means of the mirror illusion [45] . Within stroke patients, the sensomotoric coupling is often disturbed, which might compromise task-intrinsic feedback [27] . Therefore, to recover motor function stroke patients may be more dependent on augmented feedback [46] . This augmented feedback might be delivered in the form of visual feedback through MT [47] . In line with this notion, Stevens and Stoykov [33] have suggested that in MT, the mirror creates visual feedback of successful performance of the imagined action of the impaired limb.
Another possible working mechanism behind MT is the activation of mirror neuron system triggered by the observation of mirror illusion [48] [49] [50] . Mirror neurons discharge not only during action execution but also during action observation [48, 50] . The discharge of these neurons is associated with object-oriented hand actions such as grasping, holding, tearing, and manipulating [51, 52] . Such neurons are found in the frontal lobes as well as in the parietal lobes [51] . These areas are rich in motor command neurons each of which fires to orchestrate a sequence of muscle twitches to produce simple skilled movements [44] . These cortical areas are supposed to be activated by MT which suggests that they might be involved in the efficacy of MT in stroke [52, 53] .
The effect of mirror visual illusions on brain activity has also been investigated. Garry et al. [54] performed TMS during mirror illusions in healthy subjects and found increased excitability of primary motor cortex (M1) of the hand behind the mirror. However Michielsen et al. [55] reported that mirror illusion caused increased activity in the precuneus and the posterior cingulate cortex, these areas are associated with awareness of the self and spatial attention. The authors concluded that, by increasing awareness of the affected limb, the mirror illusion might reduce learnt non-use.
Results similar to the present study were reported by Gunes Yavuzer et al [56] . They found that hand function improved more after MT in addition to a conventional rehabilitation program as compared with a control treatment immediately after 4 weeks of treatment and at 6-month follow-up.
Combined Group (Group C):
Patients in Group C received combined intervention of task specific exercises and mirror therapy along with conventional physiotherapy. The mean difference in pre-and post-intervention ARAT scores was 7.23 ± 1.79 (p < 0.01). The percentage-wise improvement in ARAT scores is 12.42%. The mean difference in pre-and post-intervention FMA scores was 8.38 ± 2.14 (p < 0.01). The percentage-wise improvement in FMA scores is 12.70%. The mean difference in pre-and post-intervention VCG scores was 1.15 ± 0.69 (p < 0.01). The percentage-wise improvement in VCG scores is 19.33%. These results show that there is statistically significant improvement in all outcome measures seen in Group C on intra-group comparison. Also on inter-group comparison, Group C was much ahead than other 2 groups, while group B lagged in terms of all outcome measures. Group C improved 1.60 times more than group A and 3.21 times more than group B in terms of ARAT. Group C improved 1.55 times more than group A and 2.39 times more than group B in terms of FMA. Group C improved 1.98 times more than group A and 3.48 times more than group B in terms of VCG.
These results in group C could be because of combined working mechanisms of TSE and MT as stated above. Repeated meaningful activities by affected UL as in TSE component might have helped to induce cortical reorganization while mirror illusion of unaffected UL might have substituted for the decreased proprioceptive feedback. Also there is possibility of activation of mirror neuron system. Also it has been mentioned in the literature that priming effects of motor imagery (MI) on subsequent physical performance observed in healthy individuals are in line with the notion that MI has a preparatory effect and enhances the efficacy of subsequent physical training [57] [58] [59] . Stevens and Stoykov [33] suggested that MT is related to motor imagery as the mirror creates visual feedback of successful performance of the imagined action with the impaired limb. So the gains found in the combined group could also be reflecting priming effects of MT induced MI on physical execution with TSE [57, 59] .
V. Conclusion
This present study provides promising results on the added value of combining mirror therapy along with Task specific exercises of the same task within the same training session for improving upper limb function in subacute stroke patients. So on the basis of the present study, it can be concluded that mirror therapy can be added along with task specific exercises in the treatment of sub-acute stroke patients to improve upper limb function.
Limitations of the present study: This study did not stratified on the level of arm deficit and did not have true control group. Also, sample size was small which included participants from a single geographic location.
Suggestions for further research: Future study should include long term intervention period. Follow up assessment should be done to know the retention effect of these interventions. Also future studies should try to identify patients who might profit more by MT than others, to guide more specific intervention through MT. Since MT is a relatively new intervention hence, the assessment of potential risks of a new intervention is mandatory in patient-reported outcomes to decide on the clinical utility of a treatment. Future studies must systematically register adverse effects.
